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(57) Abstract 

A method and apparatus for pennanwitly joining two or more metallic vehicle frame components using magnetic impulse welding 
techniques is disclosed. In a first embodiment, an overlap joint is formed by die joinder of two individual open channel side rail sections 
to form a portion of a vehicle frame side rail. The first side rail section is initially formed slightiy smaller in size than the second side rail 
section so that it may be disposed telescopically therein with clearance. An electromagnetic coil is provided for generating a magnetic field 
which causes the side rail sections to move toward one anoUier at a high velocity. The high velocity impact and die large pressures cause 
the two side rail sections to weld or molecularly bond. Alternatively, a bracket can be joined to a side rail section in a similar maimer. In 
a second embodiment, a pair of closed chaimel structural monbers are formed using hydrofoiming techniques. The end portions of two 
hydrofomied structural members are then disposed concentrically witiiin an electromagnetic coil. When energized, the electromagnetic coil 
causes the end portions to move toward one another so as to weld or molecularly bond. 
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TITLE 

MOLECULAR BONDING OF VEHICLE FRAME COMPONENTS 
5 USING MAGNETIC IMPULSE WELDING TECHNIQUES 

BACKGROUND OF THE INVENTION 
This invention relates in general to the manufacture and assembly of 
vehicle frame components and in particular to a method and apparatus for 

10 pemianently joining two or more metallic vehicle frame components using 
magnetic impulse welding techniques. 

Virtually all land vehicles in common use, such as automobiles and 
trucks, include a frame which serves as a platform upon which the remainder of 
flie vehicle is built. Many vehicle frame stractures are known in tiie art. Most of 

15 fliese known vehicle frame structures are fomied from a number of individual 
metallic components which are permanentiy joined together. For example, a 
typical vehicle frame is composed of a pair of longitudinally extending side rails 
which are joined together by a plurality of transversely extending cross 
members. In shorter length vehicles, the side rails can be formed from a single 

20 piece of metal. In longer vehicles, however, each of the side rails is usually 
fomied from two or more side rail sections which are permanently joined 
together. In either event, the side rails and cross members, once joined together, 
form a frame for supporting the remaining portions of the vehicle thereon. To 
facilitate the attachment of the other portions of the vehicle to the vehicle frame. 
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a variety of brackets, hangers, cradles, and the like are often joined to the side 
rails and cross members at desired locations. It is common practice to also foim 
these supporting hardware components from metallic materials, and further to 
pennanently join them to the side rails and cross members at desired locations. 
5 Conventional welding techniques have been commonly used to 

permanently join the various components of flie vehicle frame together. As is 
weU known, conventional welding techniques involve the application of heat to 
localized areas of two metallic members, which results in a coalescence of the 
two metallic members. Such welding may or may not be performed with the 
10 application of pressure, and may or may not include the use of a filler metal. 
Although conventional welding techniques have functioned satisfactorily in the 
past, there are some drawbacks to the use thereof in joining metallic vehicle 
frame components together. First, as noted above, conventional welding 
techniques involve the application of heat to localized areas of the two metallic 
frame members. This application of heat can cause undesirable distortions and 
weaknesses to be introduced into the metallic components. Second, whUe 
conventional welding techniques are well suited for joining components which 
are formed from similar metallic materials, it has been found to be somewhat 
more difficult to adapt them for use in joining components formed from 
dissimilar metallic materials. Third, conventional welding techniques are not 
easily adapted for joining components which have different gauge thicknesses, 
hiasmuch as the production of vehicle frames is usually an high volume, low 
maiBin process, it would be desirable to provide an improved meAod and 
apparatus for permanently joining two or more metalUc vehicle fiame 
components which avoids the drawbacks of conventional welding techniques. 



IS 
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SUMMARY OF THE INVENTION 
This invention relates to a method and apparatus for permanently joining 
two or more metallic vehicle frame components using magnetic impulse welding 
techniques. In a first embodiment, the vehicle frame may include a pair of open 

5 channel side rails which are joined together by a plurality of transversely 

extending cross members. A plurality of brackets are joined to the side rails to 
facilitate the attachment of other portions of die vehicle to the vehicle frame. An 
overlap joint is formed by the joinder of two individual side rail sections to form 
a portion of a side rail. The first side rail section is initially formed slightly 

10 smaller in size than the second side rail section so that it may be disposed 
telescopically therein with clearance. An electromagnetic coil is provided for 
generating a magnetic field which causes die side rail sections to move toward 
one another. Portions of the electromagnetic coil are disposed on either side of 
the side rail sections. A first end of die electromagnetic coil is connected 

15 through a switch to a first side of a capacitor, while a second end of die 

electromagnetic coil is connected directly to a second side of flie capacitor. A 
source of electrical energy is provided for selectively charging the capacitor to 
store a quantity of electrical energy therein. By closing the switch, electrical 
energy is passed from the capacitor through the electromagnetic coil. As a 

20 result, an intense electromagnetic field is generated about the first and second 
side rail sections. The presence of this electromagnetic field induces electrical 
currents in die first and second side rail sections. These electrical currents, in 
turn, create opposing magnetic fields which draw the first and second side rail 
sections into contact with one another. When this occurs, large pressures exerted 

25 on the first and second side rail sections can move them toward one anodier at 
great velocities. The high velocity impact and the large pressiu-es cause the two 
side rail sections to weld or molecularly bond. A bracket can be joined to a side 
rail section in a similar manner. 
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In a second embodiment of the invention, the vehicle frame may include a 
pair of closed channel structural members which are joined together. The 
structural members can include straight members, curved members, joint nodes, 
and member nodes. Some or all of these components can be formed by a 
5 hydroforming process, wherein high pressure fluid is introduced within a closed 
blank to expand portions thereof outwardly into conformance with an enclosing 
die. Initially, a closed tubular blank having a unifomi circular cross sectional 
shape and formed from a metallic material is provided. The tubular blank may, if 
necessary, be pre-bent into a prefonn shape using a conventional tube bending 

10 apparatus. Next, the pre-bent blank is disposed within a hydrofonning die, and 
highly pressurized fluid is introduced therein. The highly pressurized fluid 
causes portions of die pre-bent blank to expand outwardly into conformance with 
the hydrofomiing die. The final step is to join the formed structural members 
together to form tiie vehicle frame assembly. An electromagnetic coil can be 

15 used to cause the telescoping end portions of two structural members to move 
toward one another to generate a weld or molecularly bond. 

Various objects and advantages of this invention will become apparent to 
those skilled in the art from the following detailed description of the preferred 
embodiments, when read in light of the accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINOS 
Fig. 1 is a schematic perspective view of a first embodiment of a vehicle 
firame manufactured in accordance with the method and apparatus of this 
invention. 

25 Fig. 2 is a side elevational view of one of the side rails of the vehicle 

fi^e illustrated in Fig. 1, together with a number of brackets joined therewith, 
the side rail being formed from a plurality of individual side rail sections joined 
at overlap joints. 
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Fig. 3 is an enlarged perspective view of one of the overlap joints between 
two of the individual side rail sections illustrated in Fig. 2. 

Fig. 4 is a sectional elevational view of the two individual side rail 
sections illustrated in Fig. 3 prior to being joined together. 
5 Fig, 5 is a sectional elevational view similar to Fig. 4 of the two 

individual side rail sections illustrated in Fig. 3 after being joined together. 

Fig. 6 is an enlarged perspective view of a portion of one of tiie side rails 
illustrated in Fig. 1 having a bracket joined thereto. 

Fig. 7 is a sectional elevational view of the side rail and bracket illustrated 
10 in Fig, 6 prior to being joined together. 

Fig. 8 is a sectional elevational view similar to Fig. 7 of the side rail and 
bracket illustrated in Fig. 6 after being joined togedier. 

Fig. 9 is a perspective view similar to Fig. 6 of an alternative structure for 
securing the side rail and bracket together. 
15 Fig. 10 is a schematic perspective view of a second embodiment of a 

vehicle frame manufactured in accordance with the method and apparatus of fliis 
invention, including a plurality of structural members which are joined together 
at joints by a plurality of joint nodes. 

Fig. 11 is an exploded perspective view of a portion of the vehicle frame 
20 illustrated in Fig. 10. 

Fig;. 12 is a perspective view of one of the straight members illustrated in 
Figs. 10 and 11. 

Fig. 13 is a perspective view of one of the curved members illustrated in 
Figs. 10 and 11. 

25 Fig. 14 is a perspective view of one of the joint nodes illustrated in Figs. 

10 and 11. 

Fig. 15 is a perspective view of one of the member nodes illustrated in 
Figs. 10 and 11. 



wo 97/00151 
f 



6 



PCTAJS96/10428 



. Fig. 16 is a flowchart which illustrates the steps in a hydrofonning 
process for forming the structural components illustrated in Figs. 12, 13, 14, and 
15. 

Fig. 17 is a sectional elevational view of one of the joints between a 
5 straight member and a joint node illustrated in Figs, 10 and 1 1 prior to being 
joined together. 

Fig. 18 is a sectional elevational view similar to Fig. 17 of the joint 
between a straight member and a joint node illustrated in Figs. 10 and 1 1 after 
being joined together. 

10 

DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, there is illustrated in Fig. 1 a first 
embodiment of a vehicle frame, indicated generally at 10, which has been 
manufactured in accordance with the mediod and apparatus of this invention. 

15 The frame 10 includes a first side rail, indicated generally at 1 1, which extends 
longitudinally throughout tiie length of the vehicle in which it is to be used. As 
shown in Figs. 1 and 2, the first side rail 1 1 is formed from three individual side 
rail sections 12, 13, and 14. The first and second side rail sections 12 and 13 are 
joined at an overlap joint, indicated generally at 15. Similarly, the second and 

20 third side rail sections 13 and 14 are joined at an overlap joint, indicated 

generally at 16. The structures of the individual side rail sections 12, 13, and 14 
and of the overlap joints 15 and 16 of the furst side rail 11 will be described in 
fiulher detail below. Although three individual rail sections 12, 13, and 14 are 
illustrated, it will be appreciated that the side rail 1 1 may be fomied from any 

25 number of individual side rail sections. The firame 10 fiirther includes a second 
side rail, indicated generally at 21, which also extends longitudinally throughout 
the length of the vehicle in which it is to be used. The second side rail 21 is 
formed in a similar manner as the first side rail 1 1, including first, second, and 
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20 



25 



third individual side rail sections 22. 23, and 24 which are joined at overlap 
joints 25 and 26. 

The side rails 1 1 and 21 are joined togeflier by a plurality of transversely 
extending cross members 30, 3 1, 32, 33, and 34. These cross members 30 
through 34 vaiy in size and shape and are intended to represent any type of cross 
member, cradle, or other structure which extends between the two side rails 11 
and 21. The basic structures of cross member of this type are weU known in the 
art. Additionally, a plurality of brackets 40. 41. 42. 43. 44. and 45 are joined to 
the side rails 1 1 and 21. These brackets 40 through 45 also vaiy in size and 
shape and are intended to represent any type of bracket, hanger, or other 
structure which is joined to the side rails 1 1 and 2 1 . The basic structures of 
these brackets are also well known in the art. 

The various components of the vehicle frame 10 discussed above are aU 
formed from metalUc materials. For example, steel has been found to be an 
acceptable material to form these various components. However, this invention 
contemplates that other metallic materials may be used, such as aluminum, 
magnesium, and the like may be used. Also, it is contemplated that all of the 
various components of the vehicle frame 10 need not be formed from the same 
metallic material. Rather, some of such components may be formed from a first 
metallic material, while others may be foimed from a second metallic material. 

The vehicle frame 10 is formed by joining the various side rails 1 1 and 
21. cross members 30 through 34, and brackets 40 through 45 together. Some of 
these components may be joined together by the use of mechanical fasteners, 
such as bolts, if desired. However, this invention relates to a method and 
apparatus for permanently joimng these components together using a magnetic 
impulse welding techniques, which will be described below. Magnetic impulse 
welding techniques have been found to be preferable to conventional welding 
techniques in the formation of vehicle frames, as discussed above. 
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Refemng now to Fig. 3. there is illustrated an enlarged perspective view 
of the overlap joint 15 between the ends of the individual side rail sections 12 
and 13 iUustrated in Figs. 1 and 2. As shown therein, the rearward end of the 
first side rail section 12 includes a vertically extending web portion having an 
5 upper horizontal flange portion 12a and a lower horizontal flange portion 12b 
extending therefrom. Similarly, the forward end of the second side rail section 
13 includes a vertically extending web portion having an upper horizontal flange 
portion 13a and a lower horizontal flange portion 13b extending therefrom. 
Although the ends of the first and second side raU sections 12 and 13 are shown 
10 as having generaUy open channel or C-shaped cross sectional shapes, it will be 
appreciated that they may be foimed having other cross sectional shapes. Also, 
it will be appreciated that the cross sectional shapes of the first and second side 
raa sections 12 and 13 need not be unifonn throughout their entire lengths, nor 
does the cross sectional shape of the first side rail section 12 have to be the same 
15 as the cross sectional shape of the second side rail section 13. 

Referring now to Fig. 4, it can be seen that the first side rail section 12 is 
initially foimed slightly smaller in size than the second side rail section 13. prior 
to being joined together. Thus, the first side rail section 12 may initially be 
disposed telescopically within the second side rail section 13 witii clearance, as 
shown in Fig. 4. When so disposed, the vertically extending web portions of the 
side rail sections 12 and 13 are disposed generally paiaUel and adjacent to one 
another, as are the upper horizontal flange portions 12a and 13a and the lower 
horizontal flange portions 12b and 13b. Although the clearance between the 
respective portions of the side rail sections 12 and 13 may be adjusted as desired, 
it has been found acceptable to provide a clearance in the range of from 0.050 
inch to 0.100 inch. 

An electromagnetic coil 50 is provided for generating a magnetic field 
which, as wiU be explained further below, causes the side rail sections 12 and 13 



20 
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to move toward one another. Portions of the electromagnetic coil 50 are 
disposed on either side of the side rail sections 12 and 13. The electromagnetic 
coil 50 is embodied as a plurality of windings of an electrical conductor. A first 
end of the electrical conductor is connected through a jfirst switch 51 to a first 
5 side of a capacitor 52, while a second end of the electrical conductor is 
connected directly to a second side of the capacitor 52. The capacitor 52 is 
representative of a number of high voltage capacitors which are connected 
together in parallel. A source of electrical energy 53 is provided for selectively 
charging the capacitor 52 to store a quantity of electrical energy therein. A first 
10 side of the source of electrical energy 53 is connected through a second switch 
54 to the first side of the capacitor 52, while a second side of the source of 
electrical eneigy 53 is connected directly to the second side of the capacitor 52. 

In operation, the first switch 5 1 is initially opened and the second switch 
54 is initially closed, as shown in Fig. 4. In this condition, electrical energy is 
15 transferred fi^om the source of electrical energy 53 into the capacitor 52. When a 
sufficient amount of electrical energy has been stored in the capacitor 52, the 
second switch 54 is opened and the first switch 51 is closed, as shown in Fig. 5. 
By closing the first switch 51, energy in the form of electrical current is 
discharged fi-om the capacitor 52 through the electromagnetic coil 50. As a 
20 result, an intense electromagnetic field is generated about the first and second 
side rail sections. Thepresenceof this electromagnetic field induces electrical 
currents in the first and second side rail sections 12 and 13. These electrical 
cuirents, in turn, create opposing magnetic fields which draw tiie first and 
second side rail sections 12 and 13 into contact wiA one another. When this 
25 occurs, a large pressure exerted on the first and second side rail sections 12 and 
13 move them toward one another at a high velocity. 

The high velocity impact of the first and second side rail sections 12 and 
13, as well as tiie large pressures exerted thereon, cause the two components to 
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weld or molecularly bond. The sizes and shapes of the side rail sections 12 and 
13, the size and shape of tfie electromagnetic coil 50, and the strength of the 
electromagnetic field are all factors which will determine where flie deformation 
of the first and second side rail sections 12 and 13 will occur, as well as which 
s portions thereof will be joined together. 

Referring now to Fig. 6, there is illustrated an enlarged perspective view 
of a portion of the individual side rail section 12 and the bracket 45 illustrated in 
Figs. 1 and 2. As discussed above, the first side rail section 12 includes the 
vertically extending web portion having the upper horizontal flange pcntion 12a 
10 and the lower horizontal flange portion 12b extending therefirom. The bracket 45 
is fonned having a vertically extending web portion having an upper horizontal 
flange portion 45a extending therefix>m. The vertically extending web portions 
of the first side rail section 12 and the bracket 45 are disposed in spaced apart 
relationship, goierally parallel and adjacent to one anotiier as shown in Fig. 7. 
15 Portions of the electromagnetic coU 50 are disposed on either side of the side rail 
section 12 and the bracket 45. The operation of the electromagnetic coil 50 is 
the same as described above, and functions to weld or molecularly bond the side 
rail section 12 widi the bracket 45, as shown in Fig. 8. 

Fig. 9 illustrates an alternative structure for securing the side rail 12 and 
20 the bracket 45 together. As shown therein, die coil 50 is disposed concentrically 
about an elongated cylindrical mandrel 46. The mandrel 46 is formed from a 
material which, when a magnetic field is generated by enogization of the 
electromagnetic coil 50, is urged for movement in die direction indicated by the 
arrow. One end of the mandrel 46 is located adjacent to the vertically extending 
25 web portion of flie bracket 45. The bracket 45 may be secured to the end of the 
mandrel 45 or may simply be disposed adjacent thereto. In either event, when 
flie electromagnetic coil 50 is energized as described above, the mandrel 45 and 
flie vertically extending web portion of the bracket 45 are driven axially toward 
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the side rail 12 at a high velocity. In this manner, the bracket 45 is welded or 
molecularly bonded to the side rail 12 similarly as described above. 

The side rails 1 1 and 12 described above are all shown as being formed 
from open channel stock, i.e., stock which has a non-closed cross sectional 
shape. The specificaUy illustrated side rails 1 1 and 12 are formed having a 
generally open C-shaped cross section. It will be appreciated that this invention 
may be practiced using open channel stock having other cross sectional shapes. 
For example, the side rails 1 1 and 12 may be formed having a generally closed 
C-shaped cross section (wherein short flanges are provided at the ends of the 
illustrated side rails 1 1 and 12 which extend inwardly toward one another), a 
generally hat-shaped cross section (wherein short flanges are provided at the 
ends of the illustrated side rails 1 1 and 12 which extend outwardly apart from 
one anodier), or otiier open channel configurations. 

Referring now to Figs. 10 and 1 1, there is illustrated a second 
embodiment of a vehicle frame assembly, indicated generally at 60, in 
accordance with this invention. The illustrated vehicle frame assembly 60 is an 
automobile space frame, i.e., a frame for an automobile which defines an 
enclosed space for occupants. However, as is apparent from the preceding 
discussion, this invention may be utilized in a flat bed frame or any other frame 
structure for any type of vehicle. The illustrated vehicle frame assembly 60 is 
composed of four different types of structural components which are secured 
together. The first type of structural component is referred to as a straight 
member, such as shown at 61. Straight members 61 are characterized as being 
linear and elongated in shape. The straight members 61 are hollow and can be 
formed having any desired cross sectional shape. For example, as shown in Fig. 
12, a straight member 61 may be formed having a central portion 61a which is 
square or rectangular in cross sectional shape and a pair of end portions 61b 
which are circular in cross sectional shape. The square or rectangular cross 
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sectional shape of the central portion 61a of the straight member 61 is desirable 
because it provides stif&iess to the straight member 61 and facilitates the 
attachment of other components thereto, such as brackets and the like, As will 
be explained in greater detail below, the circular cross sectional shape of flie end 
5 portions 61b of die straight member 61 is desirable because it facilitates the 
attachment of other structural components of die vehicle frame assembly 60. 

The second type of structural component in the vehicle frame assembly 60 
is referred to as a curved member, such as shown at 62. Curved members 62 are 
similar to straight members 61 in that they are hollow and elongated. However, 
10 curved members 62 are not linear in shape like the straight members 61, but 
rather extend non-linearly. For example, as shovm in Fig. 13, a curved member 
62 may be formed having a single bend portion 62a which is located between 
two linear portions 62b. Alternatively, the curved member 62 may be foimed 
having a plurality of bend portions 62a separating adjacent linear portions 62b, 
or it may be curved along its entire length. Preferably, for die same reasons as 
steted above with respect to the straight member 61, the linear portions 62b near 
the center of the curved member 62 are square or rectangular in cross sectional 
shape. Two end portions 62c are provided on the ciuved member 62 which are 
circular in cross sectional shape, also for the same reasons as stated above. 

The third type of structural component in the vehicle frame assembly 60 
is referred to as a joint node, such as shown at 63. Joint nodes 63 are 
characterized as relatively small components which are provided to join adjacent 
components of the vehicle frame assembly 60 at a joint. For example, as shown 
in Fig. 14, a joint node 63 may be formed having a relatively small body portion 
63a with a plurality (three in the illustrated embodiment) relatively short joint 
portions 63b extending outwardly therefrom. The joint portions 63b are 
typically linear because of their relatively short length, although such is not 
required. The body portion 63a and the joint portions 63b are hollow and can be 
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fonned having any desired cross sectional shape. Again, for the same reasons 
stated above with respect to the straight member 61, the body portion 63a and 
adjacent areas of the joint portions 63b are preferably square or rectangular in 
cross sectional shape. Two end portions 63c are provided on the joint member 
5 63 which are circular in cross sectional shape, also for the same reasons as stated 
above. 

The fourth type of structural component in the vehicle frame assembly 60 
is referred to as a member node, such as shown at 64. Member nodes 64 are 
characterized as elongated components which are also provided to join adjacent 

10 components of the vehicle frame assembly 60 at a joint. For example, as shown 
in Fig. IS, a member node 64 may be formed having an elongated central portion 
64a, a pair of end portions 64b, and one or more (three in the illustrated 
embodiment) relatively short joint portions 64c extending outwardly therefrom. 
As widi the joint portion 63b described above, the joint portions 64c are 

15 typically linear because of dieir relatively short length, although such is not 
required. The central portion 64a, the end portions 64b, and the joint portions 
64c are hollow and can be formed having any desired cross sectional shape. 
Again, for the same reasons stated above with respect to the straight member 61, 
the central portion 64a and adjacent areas of the joint portions 64c are preferably 

20 square or rectangular in cross sectional shape. End portions 62d are provided on 
the curved member 62 which are circular in cross sectional shape, also for the 
same reasons as stated above. 

Each of the four types of structural components 61, 62, 63, and 64 used to 
form Hit vehicle frame assembly 60 is preferably formed by hydroforming 

25 techniques. Hydroforming is a metal deformation process which, generally 
speaking, utilizes high pressure fluid introduced within a closed workpiece to 
expand portions of the workpiece outwardly into conformance with an enclosing 
die. Fig. 16 is a flowchart 70 which illustrates die steps in tiie hydroforming 
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process of this invention for fonning any one or all of the four types of structural 
components 61, 62, 63, and 64 used to fonn the vehicle frame assembly 60. The 
first step 71 in the hydroforming process is to provide a closed blank. Typically, 
the closed blank is a tubular blank having a uniform circular cross sectional 
5 shape and formed from a metallic material. As discussed above, it is desirable 
Aat relatively lightweight strong metallic materials, such as aluminum, 
magnesium, and the like, be used. However, steel and other heavier metallic 
materials may be used as well. 

Second, it is usually, but not always, necessary to pre-bend the tubular 
10 blank into a preform shape, as shown at 72. Such pre-bending is necessaiy when 
the final desired shape of the structural component is dramatically different from 
die initial shape of the tubular blank. Thus, pre-bending m^ not be required 
when fonning a straight member 61 because of its generally linear shape, but 
may be required when forming a curved member 62. Several pre-bending 
15 operations may be performed on a single blank, depending upon the final desired 
shape for the structural component. Following this pre-bending, the blank 
follows Ae general shape of flie structural component to be foimed, but still has 
a generally uniform circular cross sectional shape throughout its entire lengdi. 
The pre-bending step may be performed on a conventional tube bending 
20 apparatus or other similar mechanism. 

Next, the pre-bent blank is disposed within a hydrofoiming die, and 
highly pressurized fluid is introduced therein, as shown at 73. The highly 
pressurized fluid within the pre-bent blank causes portions diereof to expand 
outwardly into conformance witfi the enclosed hydroforming die. In Ais 
25 manner, tfie portions of the structural members 6 1, 62. 63, and 64 having flie 
square or rectangular cross sectional shapes discussed above can be formed. At 
the same time, various openings (not shown) or other structures may be formed 
on the structural components as desired, such as for facilitating die connection of 
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Other components (brackets, etc.) to the vehicle frame assembly 60. The 
hydroforming step can be performed on any conventional hydroforming 
apparatus. 

The final step in the process of fonning the vehicle frame assembly is to 

5 join the formed structural members together, as shown at 74 in the flowchart 70, 
Referring now to Figs. 17 and 18, the formation of a joint between one of the 
straight members 61 and one of the joint nodes 63 is illustrated. The end portion 
61b of the straight member 61 is initially formed slightly larger in size than the 
end portion 63c of the joint portion 63b of tiie joint node 63, prior to being 

10 joined together. Thus, the end portion 63c of the joint node 63 may initially be 
disposed telescopically vsdthin die end portion 61b of the straight member 61 
with an annular clearance, as shown in Fig. 17. When so disposed, the outer 
cylindrical surface of tiie end portion 63c of the joint node 63 is disposed 
generally concentric with the inner cylindrical surface of the end portion 61b of 

15 the straight member 61. Although the clearance between these cylindrical 
surfaces may be adjusted as desired, it has been found acceptable to provide a 
clearance in the range of from 0.050 inch to 0. 100 inch. 

An electromagnetic coil 80 is provided for generating a magnetic field 
which, as will be explained further below, causes the end portion 63c of the joint 

20 node 63 and tiie end portion 61b of the straight member 61 to move toward one 
another. The electromagnetic coil 80 is disposed concentrically about the end 
portion 61b of the straight member 61. The electromagnetic coil 80 is similar in 
structure and operation to the electromagnetic coil 50 described above, and tiie 
same control circuit may be used to operate same. Thus, when the switches 5 1 

25 and 54 are operated as described above, the electromagnetic field generated by 
the coil 80 causes the end portion 61b of the straight member 61 to move toward 
the end portion 63c of the joint node 63 at a high velocity. As a result, the end 



wo 97/00151 PCT/US96/10428 

16 

portion 61b of the straight member 61 and the end portion 63c of the joint node 
63 are welded or molecularly bonded as described above. 

As also discussed above, the various components of die vehicle frjame 60 
need not be formed from the same metallic material. Rather, some of such 
5 components may be formed from a first metallic material, while others may be 
formed from a second metallic material. For example, referring back to Fig. 10, 
it will be appreciated that the various structural components which are located in 
tiie upper portion of the vehicle frame assembly 60 (i.e., those structural 
components which extend upwardly from the bed portion of the vehicle frame 

10 assembly 60 to form the sides and roof of the passenger compartment) may be 
formed from a first relatively lightweight material, such as magnesium. The 
various structural components which are located in the lower portion of die 
vehicle fi^e assembly 60 (i.e., those structural components which form the bed 
portion of the vehicle frame assembly 60) may be formed from a second 

15 relatively heavier material, such as aluminum. Additionally, or alternatively, 
steel may be used in portions of the vehicle frame assembly 60 in conjunction 
with either or both oftiie magnesium and almninum materials. The above- 
described process for molecular bonding of vehicle frame components using 
magnetic impulse welding techniques is advantageous because the adjacent 

20 dissimilar metals have been found not to cause corrosion when joined in this 
manner. 

In accordance with the provisions of the patent statutes, the principle and 
mode of operation of this invention have been explained and illustrated in its 
preferred embodiments. However, it must be understood that this invention may 
25 be practiced otherwise than as specifically explained and illustrated without 
departing from its spirit or scope. 
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What is claimed is: 

1. An apparatus for permanently joining two metaUic vehicle frame 
components comprising: 

means for supporting portions of the first and second metallic vehicle 
5 firame components adjacent to one anodier; 
an electromagnetic coil; 
a source of electrical energy; and 

means for selectively connecting said electromagnetic coil to said source 
of electrical energy so as to generate an electromagnetic field adapted to cause 
10 the first and second metallic vehicle frame components to move into contact with 
one another at a high velocity so as to cause the first and second metallic vehicle 
fi^e components to be permanently joined togedier. 



15 



20 



2. The apparatus defined in Claim 1 wherein a portion of said 
electromagnetic coU is adapted to extend concentrically about the portions of the 
first and second metallic vehicle frame components. 

3. The apparatus defmed in Claim 2 wherein said electromagnetic 
coil is annular in shape. 



4. The apparatus defmed in Claim 1 wherein said means for 
supporting portions of the first and second metaUic vehicle frame components 
includes a mandrel adapted to engage flie first metalUc vehicle fi^e component, 
said electromagnetic field causing movement of said mandrel to move the first 
25 metallic vehicle fi:ame component into contact with the second metallic frame 
component at a high velocity so as to cause the first and second metaUic vehicle 
frame components to be pennanently joined together. 
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5. A method for permanently joining two metallic vehicle frame 
components comprising the steps of: 

(a) supporting portions of the first and second metallic vehicle frame 
components adjacent to one another; 
5 (b) providing an electromagnetic coil; 

(c) selectively connecting the electromagnetic coil to a source of 
electrical energy so as to generate an electromagnetic field, thereby causing the 
first and second metallic vehicle frame components to move into contact with 
one another at a high velocity so as to be permanently joined together. 

LO 

6. The method defined in Claim 5 wherein the electromagnetic coil is 
provided concentrically about the portions of the first and second metallic 
vehicle firame components. 

15 7. The method defined in Claim 5 wherein said step (a) includes the 

steps of providing a mandrel adapted to engage the first metallic vehicle firame 
component and generating the electromagnetic field so as to cause movement of 
the mandrel to move tiie first metallic vehicle firame component into contact with 
the second metallic frame component at a high velocity so as to cause the first 

20 and second metallic vehicle frame components to be permanently joined 
togetiier. 

8. A structural component for a vehicle frame comprising: 
a central portion having a generally square or rectangular cross sectional 
25 shape; and 

a pair of end portions having a generally circular cross sectional shape. 
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9. The structural component defined in Claim 8 wherein said central 
portion and said end portions are hollow. 

10. The structural component defined in Claim 8 wherein said central 
5 portion is linear in shape. 

1 1. The structural component defined in Claim 8 wherein said central 
portion is curved in shape. 

10 12. The structural component defined in Claim 8 wherein said central 

portion has a bend portion disposed between a pair of linear portions. 

13. The structural component defined in Claim 8 wherein said central 
portion is a body portion and wherein at least three end portions extend 

15 outwardly firom said body portion. 

14. The stractural component defined in Claim 8 wherein said central 
portion is elongated in shape, said end portions extend from said central portion, 
and a plurality of joint portions extend outwardly from said central portion. 

20 

15. A method of manufacturing a portion of a vehicle frame assembly 
comprising the steps of: 

(a) providing a first stractural component having a closed cross 
sectional shape and a second structural component; 
25 (b) forming ttie first stractural component to a desired shape by 

hydroforming; and 

(c) permanently joining the first and second stractural components by 
magnetic impulse welding. 
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16. The method defined in Claim 15 wherein said step (a) includes the 
step of providing tiie second structural component having a closed cross 
sectional shape. 

17. The method defined in Claim 16 wherein said step (b) includes the 
step of fonning the second structural component to a desired shape by 
hydroforming. 

18. The method defined in Claim 15 further including the step of pre- 
bending one of the first and second structural components prior to said step (b). 
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70 




PRE-BEND BLANK 



•72 



HYDROFORM PRE-BEND BLANK 



73 



JOIN STRUCTURAL MEMBERS 

BY MAGNETIC IMPULSE WELDING I "34 



FIG. 16 
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